Abstract: This paper presents the design, optimization and fabrication of 16 MgO/TiO 2 and SiO 2 /TiO 2 based high selective narrow bandpass optical filters. Their performance to extract diffuse reflectance and fluorescence signals from gastrointestinal tissue phantoms was successfully evaluated. The obtained results prove their feasibility to correctly extract those spectroscopic signals, through a Spearman's rank correlation test (Spearman's correlation coefficient higher than 0.981) performed between the original spectra and the ones obtained using those 16 fabricated optical filters. These results are an important step for the implementation of a miniaturized, low-cost and minimal invasive microsystem that could help in the detection of gastrointestinal dysplasia.
Introduction
Gastrointestinal (GI) cancers are one of the main causes of death in the world [1] . Its detection in an initial stage, called dysplastic stage, is fundamental in medical diagnosis, once gives to the patient a higher effective treatment chance [2, 3] . The GI dysplasia is difficult to detect by conventional visual inspection techniques, due to the lack of macroscopically easily visible changes on the tissues surface, that occur in the early stage of cancer [3, 4] . Therefore, when a cancer suspicion appears a biopsy is needed, which is a high cost and an invasive procedure. Moreover, its result is not immediately available, resulting on a delay of patient's treatment [3] . Thus, it is increasingly important to develop new and minimally invasive techniques for the GI cancers early detection.
Spectroscopic techniques, specifically diffuse reflectance and fluorescence spectroscopy, can considerably improve the ability to detect GI dysplasia, since they have exquisite sensitivity to some cancer biomarkers present on the tissues [2] [3] [4] [5] . As a result, small changes in those biomarkers concentration, due to cancer progression, can be detected by measuring the diffuse reflectance and fluorescence signals of a GI tissue. The analysis of these signals with well-developed models makes it possible to extract quantitative information that relates the changes in their intensity and shape with GI cancer progression [6] [7] [8] .
This paper focused on the extraction of the spectroscopic signals using high selective optical filters especially the filters fabrication for this purpose. The development of a fully integrated microsystem on a chip to extract diffuse reflectance and fluorescence signals will have a high clinical value, since it could be integrated with the conventional endoscopes and colonoscopes, helping in the detection of GI dysplasia. Moreover, the microsystem could be used in the surgery room for inspecting total removing of cancer tissue. Such microsystem would comprise: miniaturized LEDs (Light Emission Diodes) for spectroscopy illumination, an array of tunable photodetectors and its readout electronics for further signal processing. Each photodetector has one side deposited with a thin-film optical filter, selected for each of the relevant spectral bands, therefore allowing the detection of the diffuse reflectance and fluorescence signals.
The use of an integrated optical filtering system, such as the one described in this paper, will allow the extraction of diffuse reflectance and fluorescence signals without the use of heavy and complex equipment, such as monochromators, featuring system miniaturization and on-chip integration. Previous work [9] carried out by some members of the research team showed the viability of replacing a conventional spectrograph by 16 narrow bandpass optical filters to extract the diffuse reflectance signal from GI tissues and to acquire tissue optical properties, featuring dysplasia diagnostics. However, in that study, only 6 SiO 2 /TiO 2 based optical filters (in the visible spectral range) were fabricated and their spectral performance was evaluated using only a single tissue phantom and only for diffuse reflectance signal extraction, which may not be enough for a complete GI tissue characterization. There are some important GI tissue fluorophores whose concentration changes during cancer progression. Thus, the fluorescence signal extraction also plays an important role on the GI tissue characterization. Moreover, in the previous work [9] , the authors emphasized the importance of an optimization of the optical filters fabrication process, in order to improve their performance.
In this paper, 16 MgO/TiO 2 and SiO 2 /TiO 2 based narrow bandpass optical filters were designed, optimized, fabricated and their performance to extract spectroscopic signals was evaluated, performing spectrophotometric measurements with phantoms representative of GI tissues, including diffuse reflectance and fluorescence measurements.
This work long term goal will be the implementation of the microsystem on a fully integrated chip, integrating the readout electronics, LEDs for illumination and the 16 optical filters directly deposited on each of the 16 silicon photodiodes for signals detection. To accomplish this requirement, it is mandatory to obtain the bandpass optical filters with materials and fabrication process compatible with large area microelectronics fabrication. Moreover, it is known that using optical detection in a chip results in a better coupling of the light from emitter to source, due to the decrease of the number of interfaces, reducing the optical losses. Although bandpass optical filters are commercially available, their integration with the chip microfabricated is very limited due to their large dimensions (diameter, thickness), as will be discussed in section 5. Therefore, the possibility to integrate thin-film deposited bandpass filters will have higher impact to reduce the final cost, size and performance, when comparing with mounting discrete filters externally on the chip.
Thin-film optical filters design

Filter structure selection
The filters design is based on a multilayer thin-film structure that acts as a narrow bandpass filter. They are structurally similar to a Fabry-Perot resonator with dielectric mirrors, featuring low energy absorption rates and high transmittance at specific wavelengths [10] [11] [12] . Equation (1) shows their operation principle [10] :
where r d is the resonant cavity thickness, λ is the transmitted wavelength, n is the refractive index of the resonant cavity material, and q the filter interference order ( q = 1, 2, 3, …). The thicknesses of the mirrors films ( d ) is also related with the transmitted wavelength ( λ ), considering Eq. (2) [10] :
where d is the mirrors films thickness. Therefore, in a Fabry-Perot optical filter the thickness of the resonance cavity determines the tuned wavelength, for the same mirrors films. Taking advantage of that, 16 optical filters centered at specific spectral bands, ranging from 350 to 750 nm, previously considered relevant to extract the spectroscopic signals to GI dysplasia detection [9] , were computationally designed using the software TFCalc 3.5 and the Sopra database for the materials refractive indices. During this step, the transmittance peak and the FWHM (Full Width at Half Maximum) of the filters were analyzed. For the reported application, the intensity of the transmitted peak should be high, with at least twice the intensity of any noise peak that might appear in the considered spectral range. Concerning the FWHM, a value around 10 nm is enough, once the 16 required spectral bands are centered at 350, 370, 380, 400, 420, 450, 480, 510, 540, 560, 580, 600, 620, 650, 700 and 750 nm [9] .
The reported features give rise to divide the optical filters in three spectral regions: UV/VIS (350 nm -450 nm), VIS (480 nm -600 nm) and VIS/IR (620 nm -750 nm). Within the same spectral region, the optical filters were centered at different spectral bands by adjusting only the thickness of the resonant cavity, keeping the thicknesses of the mirrors films equal. This procedure minimizes the deposition time required for the optical filters fabrication. Therefore, the optical filter multilayer structure is composed by 11 thin-films with high and low refractive index materials, alternatively - Fig. 1 . The number of layers was chosen taking into account the optical filters performance during their design on TFCalc, concerning the FWHM and the transmittance peak. 
Selection of materials
In an initial stage, TiO 2 and SiO 2 films were used as high and low refractive index materials, respectively, once they are hard materials and compatible with integrated circuits. Their refractive indices are almost wavelength independent in the visible range of the spectrum and they are commonly deposited by Ion Beam Deposition (IBD), the process used for the optical filters fabrication -see section 3. However, it was checked (during the simulations on TFCal) that this combination results in a poor optical filter performance below 420 nm, especially due to the low transmittance of the filters. As a result, other materials combinations (compatible with the IBD process) were considered, in order to improve the transmittance peak without increasing the FWHM, i.e., keeping the selectivity of the filters. Thus, MgO with TiO 2 were used on that spectral band, since this combination leads to an increase of the transmittance peak, maintaining the filters FWHM, especially below 420 nm.
The resonant cavity thickness and the thicknesses of the mirrors films, for each filter, are presented on Table 1 
Optical filters simulations
Simulation results (from TFCalc) for that initial approach (using the refractive indices from Sopra database) are presented in Fig. 2 (A) to 2(C). At this phase, it was not possible to present the transmittance of the 350 nm optical filter, using the materials and thicknesses indicated in Table 1 , since the transmittance obtained for this filter in the simulations was smaller than 0.5%. This can be explained by the theoretical properties of the materials being used, namely their refractive indices available at the Sopra database.
The simulation results of Fig. 2 show that the chosen multilayer stack (five layers) of MgO/TiO 2 or SiO 2 /TiO 2 thin-films for the dielectric mirrors and a MgO or SiO 2 layer for the resonant cavity (see Table 1 ), is the best option for the optical filters in terms of optical characteristics, feasibility and fabrication process. Moreover, those simulations allow us to conclude that: (1) each spectral band has a high transmittance, close to 90%, except for the optical filter centered at 370 nm, explained by the theoretical refractive indices from Sopra database; (2) the FWHM is less than 10 nm (average 6 nm); and (3) the interference of each neighbor peak is less than 10%. The performance of the optical filters could be improved by increasing the number of layers of the dielectric mirrors, but the complexity of the fabrication process would also increase. 
Thin-films deposition process
The Fabry-Perot optical filters were deposited at INESC-MN by IBD in a Nordiko 3000 tool equipped with a deposition and assist guns, in a broad beam architecture [13, 14] compatible with 150 mm diameter wafer deposition. Figure 3 shows the equipment geometry for a standard film deposition. The Xenon ions created inside the deposition gun (by a RF coil) were accelerated through a grid assembly, into the target, at a pressure of 0.4 mTorr. The SiO 2 and MgO films were prepared from ceramic targets. The Xenon beam distortion caused by charging at the target surface is avoided with a neutralizer (e-beam), which is truly important for the SiO 2 and MgO deposition control, since it assures minimum beam deflection upon target surface charging, and therefore, a stable deposition rate along several hours of deposition. A deficient neutralization causes different SiO 2 and MgO films thicknesses across the multilayer, i.e., the bottom layers near the substrate have different thickness comparing with the top layers.
The TiO 2 films were prepared from a metallic target, using a Xenon beam and an assisted ion beam (Ar + -O + ), extracted from the assist gun through a grid assembly, increasing the deposition pressure to 1.4 mTorr. The assist beam current was maintained low in order to minimize the material etching while depositing. Again, a neutralizer beam was used to avoid the assisted beam distortion. Fig. 3 . Scheme of the fully automated deposition system (Nordiko 3000) with a 6-target configuration, allowing sequential deposition of the films. The film thickness uniformity is ± 2% over 150 mm diameter area.
First, SiO 2 , TiO 2 and MgO films were deposited on silicon substrates in order to calibrate the individual deposition rate and refractive index. Then, several SiO 2 , TiO 2 and MgO thinfilms with different thicknesses, close to the simulated ones (see Table 1 ), were deposited on the top of silicon wafers, in order to further measure the experimental refractive indices dependence on the wavelength and films thickness. These dependencies are crucial to the optical filter performance and cannot be disregarded, as they impact the maximum transmittance peak wavelength and the FWHM. The knowledge of the real optical properties of the films allows the adjustment of the previous simulations upon fabricating each optical filter in the specific spectral band. Therefore, the test samples had a range of thicknesses as close as possible to the ones previously simulated (see Table 1 ).
The variation of the refractive index with wavelength in the range of 350 nm to 750 nm, in steps of 5 nm, was obtained by spectroscopic ellipsometry using a nanofilm EP3-SE ellipsometer from Accurion GmbH (at INL, Braga). The refractive index was determined by fitting the ellipsometric parameters with a Cauchy model. Figure 4 (A) to 4(B) show the measured refractive index as a function of wavelength, for the different thicknesses, of the SiO 2 , TiO 2 and MgO films, respectively. Moreover, the obtained thicknesses of each film were confirmed by profilometry, using a Veeco Dektak 150 profilometer.
The measurements shown in Fig. 4 allow concluding that there are significant differences between the refractive indices obtained experimentally and the ones used on the simulations, provided by Sopra database. Moreover, the refractive index is dependent on the wavelength, and also on the film thickness. The latter variation is especially significant for the MgO films and for the UV/VIS (350 nm -450 nm) spectral region of the SiO 2 and TiO 2 films. Notice that the theoretical refractive indices from Sopra database do not have either the thickness either the deposition parameters dependences. The latter will extremely influence the optical characteristics of the films and, thus, must be obtained carefully. Notice that the TiO 2 film thickness for the filters had to be redefined upon optical characterization of the single films, which indicated a different refractive index from the theoretical one. This is not unexpected, however, because assisted deposition allows tuning the oxygen content in the films, and creates amorphous films (while databases use their crystalline phase). As a consequence, the layers thicknesses to be used in the multilayer (Fabry-Perot structure) must be adjusted for maintaining the desired optical properties of the fabricated filters. Such adjustment will be explained on the next section -section 4. 
Optical filters design adjustment
After the theoretical optical filters design using the refractive indices from Sopra database (section 2), the experimental refractive indices values of SiO 2 , TiO 2 and MgO (presented in Fig. 4 (A) to 4(C)), were used in the TFCalc design software, to adjust the layers thicknesses in order to obtain the optical filters centered at the required 16 spectral bands (otherwise, it will be deviated).
To better observe the effect of the refractive indices variation in the filters maximum transmittance peak and FWHM, Fig. 5 compares the simulations for a filter (initially designed for 510 nm peak, see Table 1 ) with the same layers thicknesses and materials, but with different refractive indices -refractive indices from Sopra database and experimental refractive indices. As it can be seen, the use of the same materials and thicknesses but with different refractive indices causes a peak deviation of 15 nm and a wide FWHM. Fig. 5 . Simulated transmittance spectra for an optical filter initially designed for 510 nm maximum transmittance peak. The two curves are obtained using the refractive indices provided by the Sopra database (n from Sopra database) and the experimental refractive indices (Experimental n), maintaining the layers structure thicknesses and materials.
Thus, for each optical filter, the resonance cavity and the mirrors films thicknesses were adjusted according to the new refractive indices, measured experimentally (Fig. 4(A) to 4(C) ) and the measured thicknesses. Table 2 presents this optimization and Fig. 6 (A) to 6(C) show their simulation results. This time, it was also possible to present the transmittance of the 350 nm optical filter, using the experimental refractive indices of the MgO and TiO 2 materials, mainly due to the lower and more constant experimental TiO 2 refractive index value in the UV/VIS region, when compared with the one provided by the Sopra database. The use of the experimental refractive indices allows achieving each spectral band with higher transmittance, close to 90%, even for the optical filter centered at 350 nm. However, the FWHM increased slightly (average around 13 nm), as might be expected since the experimental n value for TiO 2 is lower, being less metallic and more dielectric. However, this FWHM increase is not critical for the described application. As it can be seen in Fig. 6 , the transmittance background noise is around 20%, except for the optical filter centered at 350 nm; and the interference of each neighbor peak is around 25%, except for the two filters centered at 370 nm and 380 nm, which is close to 40%. Therefore, despite the filters performance in terms of a narrow spectral bandpass is not as expected with the first theoretical simulations, they are still suitable for the described application. The optical filters performance could be improved increasing the number of dielectric layers. However, the fabrication process complexity will also increase. Thus, it is important to ensure a compromise between the filters performance and the complexity inherent to the filters fabrication process.
Optical filters fabrication and characterization
After the layer thicknesses adjustment, the 16 optical filters were deposited, as described in section 3, on a borosilicate glass substrate with 0.7 mm thickness and 25 × 25 mm 2 area, adjusting the deposition time to obtain the thicknesses presented on Table 2 . The optical transmittance of the borosilicate glass is higher than 90% in the required spectral band, 350 nm to 750 nm [15] , making this substrate suitable for the optical filters fabrication and future characterization. Before the deposition, the substrate was ultrasonically cleaned with Alconox solution for 30 minutes. After that, it was cleaned with deionized water and blown dry with compressed air gun.
The deposition of the 16 filters was done using a combined process, where the first several multilayers were deposited without vacuum break for substrates with the same composition set (first mirror). Then, the samples were split (with vacuum break) for individual resonant cavity layer deposition. Finally, the top multilayers were again deposited upon combining several samples from the same set (second mirror). Figure 7 shows photographs of some of the fabricated optical filters. It is important to refer that the photographs were obtained using an Olympus CKX41 microscope (40 × ) and commercial optical wide bandpass filters (on the top of the fabricated filters), in order to eliminate the second order effects of the fabricated optical filters far outside their main spectral region. show the measured transmittance of the fabricated optical filters, using a commercial UV-Vis-NIR spectrophotometer (Shimadzu UV 3101PC). It can be seen that the optical transmittance is close to 80%, except for the filters initially designed for 350 nm and 370 nm. Table 3 shows a comparison between the simulated and the fabricated optical filters, highlighting the maximum transmittance peak to better observe the deviations. Concerning the filters FWHM, its average is around 11 nm for the UV/VIS optical filters, 13 nm for the VIS optical filters and 20 nm for the VIS/IR optical filters. The transmittance background noise is around 20%, except for the filter centered at 582 nm, which is close to 40%; and the interference of each neighbor peak is around 25%, except for the two filters centered at 387 nm and 397 nm, which is close to 40%. The maximum peak deviation was 13 nm for the filter initially programmed for 620 nm. The FWHM could be improved increasing the number of the dielectric layers that form the mirrors. However, the complexity of the fabrication process in terms of deposition time and cost will also increase. An increase in the TiO 2 refractive index (n about 3.2) will also improve the FWHM (around 5 nm). The TiO 2 films deposited by IBD (and in general in all large area industrial deposition tools) are amorphous, which results in a refractive index lower than that of the crystalline phase. Therefore, increasing FWHM would be possible upon crystallization of these materials using high temperature annealing, under high pressure of oxygen. Not only this is incompatible with many wafer production lines, this adds extra complexity to the microfabrication process and increases the final cost. Thus, taking all this into account, it is important to ensure a compromise between the desired filters performance and the complexity inherent to the filters fabrication process. Table 4 presents a comparison between the fabricated bandpass optical filters and some of the commercially available. Figures of merit for comparison are the optical properties under the 350-750 nm frequency range (FWHM, transmittance), integration capability (size, substrate independent) and cost (per area). As it can be observed, despite similar optical performance, no commercial products can be integrated due to the large size (area and thickness), while thin-film deposition is an ultra-compact method to reduce the filter footprint to dimensions as low as hundreds of microns. Moreover, large area, large scale production is also compatible, not only for the filters, but for the full chip. Finally, the optical filter costs are much smaller for the thin-films, particularly upon optimization was done, and a large number of wafers can be produced in a batch with the optimized film thicknesses, for each filter.
Additionally, some of the fabricated filters were characterized by Scanning Electron Microscopy (SEM), using the NanoSEM -FEI Nova 200 equipment (at SEMAT, University of Minho). Figure 9 displays a SEM image showing the cross-section of the filter number 6 presented on Table 3 (458 nm maximum transmittance peak wavelength), with the layer thicknesses values measured by SEM. As it can be observed, there is a clear separation between the SiO 2 and TiO 2 thin-films. Moreover, there is a good film flatness along the entire analyzed area, ensuring the parallelism between the mirrors and the resonant cavity, which is crucial for the feasibility of the optical measurements. The total thickness of the same optical filter was also measured using the Veeco Dektak 150 profilometer. Table 5 shows the obtained differences between the theoretical, the profilometer and the SEM measurements. As expected, the thickness obtained with the profilometer is close to the one obtained with SEM, but both are slightly deviated with the simulated one. This deviation explains the maximum peak transmittance wavelength deviation that was obtained in the measurements (see Table 3 ). Fig. 9 . SEM image showing the cross-section of the 458 nm Fabry-Perot optical filter with 11 layers: TiO 2 and SiO 2 layer thicknesses for the two parallel mirrors are equal to 36.7 and 71.05 nm, respectively, while the resonance cavity (RC) thickness is equal to 183.6 nm; magnification 200,000 times. The measured total layers thickness is 688 nm. Figure 10 shows the surface 3-D map of the same optical filter, in a 400 µm by 400 µm area, using the Veeco Dektak 150 profilometer, in order to evaluate the multilayer surface roughness. As it can be seen, the optical filter surface is smooth (roughness average of 1.21 nm), leading to conclude, once again, that the film has good flatness, ensuring the parallelism between the mirrors and the resonant cavity. This feature is achieved due to the IBD fabrication process. These characterization results can explain (in part) the peak deviations of the optical filters, since the simulations performed with the same materials and the thicknesses obtained with SEM are similar to the optical characterization performed with the commercial equipment. However, it is also important to note that, as previous emphasized, the materials refractive indices are affected by their thickness, introducing an additional constraint in programming the fabrication of optical filters centered at the desired spectral bands. In fact, the design and fabrication of the optical filters is a time consuming and challenging process, since there are several variables that need a precise control and constant adjustment, according to the measurements.
Thus, there must be a compromise between the filters performance needed for the described application and the complexity inherent to the filters fabrication process. As a result, although the filters transmittance and performance in terms of a narrow transmission are slightly deviated from the simulated, the most important is to evaluate the filters performance and their viability to correctly extract the spectroscopic signals, specifically diffuse reflectance and fluorescence signals, performing spectroscopic measurements with phantoms representative of GI tissues with different biochemical compositions -section 6.
Diffuse reflectance and fluorescence signals measurements with the optical filters on tissue phantoms
The performance of the fabricated optical filters to extract the spectroscopic signals was carried out by a set of experimental measurements of diffuse reflectance and fluorescence signals. For that purpose, it were used several phantoms representative of the changes that occur in the GI tissues during cancer progression, and the fabricated optical filters, placed in front of a UV-Vis-NIR spectrophotometer (Shimadzu UV 3101PC) and a spectrofluorometer (SPEX ® FluoroLog ® 2) detectors. This procedure allows determining the accuracy of the filters to extract the signals at all the relevant spectral bands (350 nm to 750 nm), even with the obtained deviations concerning the filters performance in terms of maximum transmission peak and FWHM (previous discussed in section 5) .
The phantoms consist of a liquid homogeneous mixture of hemoglobin (Hb), 1 µm polystyrene beads (representative of collagen fibers), fluorophores NADH (reduced form of nicotinamide adenine dinucleotide) and Carbostyril 124 (representative of collagen), and water (see Table 6 ). In these phantoms, are represented the absorbing, scattering and fluorescence properties of the GI tissues that change during cancer progression, leading to a change in the diffuse reflectance and fluorescence signals intensity and shape. First, the spectra of the GI tissue phantoms were measured without using the fabricated optical filters. After that, the same measurements using each fabricated optical filter in front of the detection system were performed, exactly for the same phantoms. Figure 11 (A) shows the experimental diffuse reflectance spectra measured with the commercial UV-Vis-NIR spectrophotometer (blue lines on Fig. 11(A) ) and the reconstructed spectra obtained using the fabricated optical filters (green lines on Fig. 11(A) ), for three phantoms. Figure 11 (B) shows the experimental fluorescence spectra measured with the commercial spectrofluorometer (blue lines on Fig. 11(B) ) and the reconstructed spectra obtained using the fabricated optical filters (green lines on Fig. 11(B) ), also for three phantoms. It is important to explain that the reconstructed spectra were obtained by the application of a spline Matlab function and based only in the 16 values extracted using the fabricated optical filters in the measurements (discrete intensity values on Fig. 11(A) and Fig. 11(B) ). Moreover, it is also important to note that the fluorescence signal is only represented between 365 and 610 nm, since that range is representative of the fluorescence emission properties of the fluorophores NADH and Carbostyril 124 [16, 17] . Outside that region, the fluorescence emission tends to zero. As a result, it were used only 12 optical filters, filters 2 to 13 (see Table 3 ) to extract the fluorescence signal. However, the ultimate goal is to implement a microsystem to extract both signals -diffuse reflectance and fluorescence -maintaining the importance of the 16 optical filters in the case of diffuse reflectance and its good performance. Table 6 ). (B) -Fluorescence from phantoms d, e and f (see Table 6 ). To evaluate precisely the performance of the fabricated optical filters to extract the spectroscopic signals, a Spearman's rank correlation between the experimental and reconstructed spectra were performed in the SPSS software, for each phantom and for each type of spectroscopic signal -diffuse reflectance and fluorescence.
Spearman's rank correlation is a non-parametric test (suitable for a small number of samples), which not considers any assumptions about the distribution of the data and is appropriate for ordinal variables. For the diffuse reflectance signal, the results obtained for the Spearman's correlation coefficient ( ρ ) were: ). Notice that, despite having only one filter in the main fluorescent peak (around 450 nm), it is enough for the reconstruction of the fluorescence signal, as it can be observed by the Spearman's correlations (higher that 0.987) between the original spectra and the ones obtained using the 12 fabricated filters. Contrarily, in the reflectance signal extraction, the spectral bands required to an appropriate spectral reconstruction are more and more close to each other, since two phantoms properties, the absorbance and scattering of the tissues, affect both the intensity and shape of the diffuse reflectance signal.
With these results it is confirmed the feasibility of using the 16 thin-film narrow bandpass fabricated optical filters to correctly extract the diffuse reflectance and fluorescence signals, and consequently, to implement the microsystem previously described.
Conclusion
Along this paper, the design, optimization and fabrication of 16 MgO/TiO 2 and SiO 2 /TiO 2 based narrow bandpass optical filters were presented. Moreover, they were characterized through optical transmittance, selectivity capacity (FWHM), SEM and profilometry. The design and fabrication of the optical filters was a challenging process, since there are several variables that must be precisely controlled to obtain optical filters centered at the desired spectral bands and with the desired FWHM. Here, a compromise between the filters performance for the described application and the complexity inherent to the filters fabrication process was accomplished.
In spite of some deviations from the simulations that were performed during the design and filters optimization, their performance to extract spectroscopic signals from GI tissue phantoms was successfully evaluated. The results obtained with the diffuse reflectance and fluorescence measurements, specifically the high Spearman's correlations between the original spectra and the ones obtained using the 16 fabricated filters (higher that 0.981), allow concluding the potential of using the 16 optical filters in the application under this paper, in order words, in the implementation of the microsystem previously described. Thus, it is intended to bond the 16 optical filters to an array (4 × 4) of silicon photodiodes with readout electronics illuminated by UV and white-light miniaturized LEDs (all on a single chip). The research team has already proved the viability of using silicon photodiodes with an area of 100 × 100 µm 2 , fabricated in a standard 0.7 µm CMOS process, to accurately extract those spectroscopic signals, using also GI tissue phantoms [18] . So, the microsystem is about to be implemented, which will have a clinical huge value as an auxiliary device in GI tissues characterization due to its use in-loco, such as in a surgery room for inspecting total removing of cancer tissue.
